Introduction
It has long been recognized that many forest trees produce abundant fruit at irregular intervals; indeed, reference to masting goes back at least a millennium. King William's survey for taxation, the Domesday Book in AD 1086, values woodland in terms of food for swine and, in six instances for Warwickshire, has the proviso cum oneratur, when it is laden. This masting phenomenon is pronounced in oak and beech and makes it difficult to exploit fully the food value in acorns and beech nuts, but rights of pannage were valuable to medieval pig-keeping communities. In times of necessity beech mast has been collected for food -this is depicted in the painting by Myles Burkit Foster, 1825-1899, 'Burnham Beeches'. In England during the Second World War, junior school children in Oxfordshire picked up mast for the local Pig Club (D. Firth, personal communication) and in Germany the abundant mast of 1946 was taken for oil production (Maurer, 1964) .
The masting phenomenon is essential to the 
Summary
Records of beech masting for Germany, Denmark, The Netherlands, England and Sweden over the past two centuries have been collected from published research. They have been converted to a common five-point scale to permit comparison between masting in different countries and different years. Very good masts occurred in both Germany and Denmark in 1888 , 1909 and 1918 . Good/very good masts occurred in at least three of the countries in 1909, 1918, 1926, 1948, 1956 and 1976 . The number of very poor years which occurred in Europe during the last two centuries is very much greater, with 71 since 1900. Moderate mast years are more likely to occur in only one or two of the countries at a time and have the effect of a partial depletion of resources within the tree, which distorts the masting pattern for following years. There is a presumption for an inherent biennial masting pattern, constrained by the internal resources of the tree, which is then strongly affected by climatic conditions. regeneration of common beech (Watt, 1925) . In a very strong mast year so much seed is produced that seed predators are completely satiated, and the surplus mast gives rise to a new generation of seedlings in the following year. In a truly natural situation (virgin forest, urwald), beech seedlings tend to develop most rapidly where old trees have fallen or died in situ, leaving an erect hulk. The age mosaic found in virgin forest is to some extent imitated when continuous cover forestry is practised, so that gaps in the canopy encourage natural regeneration and, in some circumstances, the planting sequence associated with clearfelling becomes unnecessary. Long-term records are likely to yield information which may explain the phenomenon of masting. The paucity of records other than hearsay and recollection prompted the authors to begin their study of beech in England, using a sampling technique repeated annually (Hilton and Packham, 1986) . This soon revealed the confusion over what constitutes a mast year, caused by beech frequently producing large amounts of empty pericarps, ascribed by Hyde (1951) to failure of pollination. This is particularly evident in isolated parkland trees. It has to be assumed that the records being used here, being mostly those of foresters, refer to seed-bearing pericarps.
Methods
Common beech has a wide distribution: the records considered here are for the area lying between the 10 and 20°C isotherm for July, part of the west maritime and semi-continental climatic zones. This extends further south and east than the area chosen by Blamey et al. (1987) for birds, but not as far south as 'Europe north of the Mediterranean littoral' chosen by Mitchell (1974) for trees.
Many masting records for beech have been collected from the literature and others have been contributed by correspondents as a result of the authors' previous publications. They have been converted to the five-point scale used by the authors for their own 23-year survey of beech in England (Hilton and Packham, 1997; Packham and Hilton, 2002) , which is derived from Matthews (1955) . This survey is being continued (Packham, 2003) . For most records converting to this standard scale has to be a subjective exercise since few authors state the method from which their estimates are derived or state clearly that their record is for full nuts only. Indeed, the basis of the record may depend on the purpose for which it was kept, foresters being most interested in masting in a year when they have need for seed. However, it is believed that enough records have been collected to make it possible to identify the pattern of masting and the extent of its regional variation in Northern Europe.
The Danish four-point scale of Holmsgaard and Olsen (1960) has, unfortunately, no equivalent to the 'good' of other records. It seems that a number of masts termed moderate or very good by these authors corresponded to good on the five-point scale.
The most precise extended record is by Gurnell (1993) , who used 75 traps below beech trees in a 9-ha oakwood in Surrey, England for 13 years between 1975 and 1987, during which three good mast years occurred. Seed was collected in a canvas seed bag at the base of the trap, which excluded birds and mammals, and seed was removed at intervals of 1-3 weeks.
The authors' records for England are derived from 7-min samples of nuts fallen to the ground in early to mid-October. All the ground beneath the canopy was searched so that seed fallen from the highest and most central branches of the trees was collected, as well as that from more peripheral branches. The reproducibility of the sampling method is discussed in Hilton and Packham (1997, pp. 8-9) and Packham and Hilton (2002, pp. 5-6) . Mean values were calculated from 58 trees in the south of England, i.e. from Fish Hill and the sites to the south of it. Only nuts filled with seed were counted, the abundant empty pericarps being of no reproductive value. Some full nuts were damaged by insect attack or mould but they were included in the totals of full nuts -the extent of this damage is discussed in Packham and Hilton (2002) .
From our experience, the five-point scale below has proved workable in describing the extent of masting and trees could be assessed provisionally even while collecting the mast in the field. There is no zero because we have found some seedlings the following year even when we could find no seeds. (The numbers given here are full nuts per tree for our 7-min samples.) 1, very poor (<11) 2, poor (11-50) 3, moderate (51-100) 4, good (101-150) 5, very good (>150)
Results and discussion
The collected results are presented in Tables 1  and 2 . Maurer (1964) has collated results for Lower Franconia, Germany, from 1857 to 1963 but his discussion extends the record even further back and deserves full quotation: 'On average there was a full mast every 9 or 10 years, with a minimum gap of 2 years, from [1946] [1947] [1948] , and a maximum gap of 21 years, from 1888 to 1909. Dengler (1930) also records the long period without full mast and according to him the following were good seed years in Germany: 1800, 1811, 1823, 1834 and 1847. There were obviously some deviations between regions. However, the large and famous mastsdie grossen und bekannten Masten -of 1811 Masten -of , 1823 Masten -of , 1888 Masten -of , 1909 Masten -of , 1946 Masten -of and possibly 1958 to have been common to most regions.' EUROPEAN RECORDS OF BEECH MASTING 321 
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Maurer points out that production of mast varies considerably from one area to another and we have shown this for England, where variation exists also on a tree-to-tree basis (Packham and Hilton, 2002) .
In his classic study of Scandinavian beechwoods, Lindquist (1931) discusses forestry records from 1895 to 1928. They show a clear pattern of masting every 2 or 3 years, broken only once. Lindquist suggests an inherent periodicity which precludes flowering every year, but permits it every other year. In studying the failure of a regular biennial pattern, he examined weather records and showed the requirement for high temperatures in the previous June and July, when the flower buds are initiated, together with the absence of severe frosts in late April and May in the year of masting, when both male and female flowers would be damaged. Very hot summers result in good masting the following year, unless they coincide with a year of good masting.
Data for south and central England were summarized by Matthews (1955) . The average interval between full masts for the period 1921-1950 was 5 years, with gaps of minimum 2 years, from 1922 to 1924 and from 1948 to 1950, and maximum 10 years, from 1934 to 1944. Beech can produce at least a moderate crop 2 years after a good one. He suggested a full 5-year cycle would theoretically be: first year, good/very good; second year, poor/very poor; third year, moderate; fourth year, very poor/poor; fifth year, good/very good.
The biennial pattern referred to by both these authors was followed very strongly by our trees from 1980 to 1985. We have also postulated a basic biennial masting pattern, whether intrinsic or dictated by resource depletion within the tree, upon which environmental factors, particularly climate, impinge (Packham and Hilton, 2002 ). An illuminating parallel to the European results is provided by Gysel (1971) , who made a 10-year analysis of beechnut production in the closely related American beech, Fagus grandifolia Ehrh. From 1959, 20 trees showed a masting pattern that could be regarded as basically biennial, broken by failure of pollination in 1962 and 1966, leading to large numbers of empty pericarps.
In examining the records presented here it is important to note that the figures in Tables 1 and  2 are symbols to represent the quality of masting -very poor to very good -and are for comparative purposes rather than mathematical analysis: most of the sources do not explain exactly how their scores were obtained. There is clearly some consistency in the results for the twentieth century across northern Europe, especially in regard to years which are very poor/poor and years which are good/very good. Very good masts occurred in both Germany and Denmark in 1888 , 1909 and 1918 and good/very good masts occurred in at least three of the countries in 1909, 1918, 1926, 1948, 1956 and 1976 . For the nineteenth century, the results for the two countries available have been displayed in Figure 1 . For the twentieth century, it is worthwhile to summarize 324 FORESTRY Authors of data presented in Tables 1 and 2 (titles given in the Reference list). Germany: G1a, Dengler (1930 Dengler ( ), 1800 Dengler ( -1850 G1b, Maurer (1969 G1b, Maurer ( ), 1857 G1b, Maurer ( -1962 G2, Jenni (1987 ), 1900 -1982 . Denmark: D1, Holmsgaard and Olsen (1961 ), 1832 -1955 D2, Jenni (1987 ), 1900 -1982 . Netherlands: N1, R. Derkx (personal communication), 1930 -1967 and 1975 -1996 N2, van Balan (1981 ), 1959 -1978 . England: E1a, Matthews (1955 ), 1921 -1950 E1b, Perrins (1966 E1b, Perrins ( ), 1953 E1b, Perrins ( -1964 E1c, Forestry Commission (1961 ), 1965 -1974 E1d, Gurnell (1993 E1d, Gurnell ( ), 1975 E1d, Gurnell ( -1987 E2, Packham and Hilton (2002 ), 1980 -2001 , southern trees. Sweden: S1a, Lindquist (1931 ), 1897 -1929 S1b, Jenni (1987 S1b, Jenni ( ), 1934 S1b, Jenni ( -1961 the results from year to year and Figure 2 has been derived from the results in Table 2 by adding the scores and dividing by the number of records for each year. Very poor/poor years predominate (71) over good/very good (16). Taking mast years to have scores of good/very good, the interval between mast years, often quoted as about 5 years, is never less than 2 and has been as great as 15. With means of 8.5 for Germany in the twentieth century, 6.5 for Denmark in the nineteenth century and 6.8 for northern Europe in the nineteenth century, there is an overall interval of about 7 years. Even the safe prediction that a mast year of good mast will be followed by a year of failure is belied by Denmark in 1916 Denmark in , 1934 Denmark in and 1941 , when moderate masts followed very good ones. In most countries there was a dearth of masting in the years 1934-1947 and 1961-1973 . Moderate masts show the least consistency across Europe. It is difficult so far to perceive any drift of the masting pattern which could be ascribed to global warming. In the northern hemisphere, species limited by temperature, such as holly, maple, lime and hazel, could colonize regions 100 km further north for each degree rise in mean 
